Abstract: Present study included isolation of microorganisms during the mesophilic stage of composting and their reuse in compost mixture to enhance organic matter degradation. Effect of microorganism addition on compost degradation was investigated in the presence of microorganisms obtained by isolation from a miniscule composting system. Effects of water addition and time of mixing were applied as extreme composting conditions. Isolates were obtained from these systems and inoculated to determine the most resistant microorganisms. 16S rRNA sequencing of selected strains indicated the presence of Escherichia, Enterococcus and Streptomyces genus. These microorganisms were added to a large-scale compost mixture to accelerate degradation of organic matter. Results indicated 20 and 38% decreases of organic matter in the sole utilization of Streptomyces sp. K1P07 and ternary utilization at the end of 14 days. Escherichia and Enterococcus inhibited degradation in the case of binary utilization. Isolation of microorganisms from the original flora of the compost mixture had accelerated composting due to interaction among themselves. Member of Actinomycetes, in particular, was shown to be effective even in the case of sole utilization. Higher amounts of biomass-oriented wastes could be removed since composting would be terminated in shorter times with the use of these microorganisms.
Introduction
Composting can be defined as a series of reactions leading to consecutive decomposition and stabilization of organic matter. Microorganisms involved in the process operate at varying temperature ranges. Composting process advances in phases known as mesophilic, thermophilic and maturation. The process is feasible and can be applied economically for the removal of biomass oriented hazardous wastes which is the main reason for its popularity (Białobrzewski et al., 2015) . The main parameters effective in the process are temperature (Białobrzewski et al., 2015) , moisture and aeration (Yuan et al., 2016) . These parameters should continuously be monitored in order to maintain high efficiency.
Feasibility in application is among the advantages of composting. This process could even be applied in the presence of organic household wastes. Home composting has become popular due to the increase in organic wastes generated in home, gardens, and plantations. Sustainable management of these wastes in Spain was investigated in the work of Vázquez and Soto (2017) in which an average 77% efficiency in the reduction of organic matter was achieved by composting household waste (Vázquez and Soto, 2017) .
Chestnut forest green, pig manure (Arias et al., 2017) , poultry manure , grape marc (Paradelo et al., 2013) , cattle manure with sawdust and rice hull (Lim et al., 2017) , green wastes with kitchen remnants (Neugebauer and Sołowiej, 2017) are among the examples of organic wastes used in composting.
Optimization of parameters (Białobrzewski et al., 2015; Yuan et al., 2016) , availability of various biomass (Arias et al., 2017; Lim et al., 2017) , decrease of greenhouse gas orcid.org/0000-0002-8557-5166 orcid.org/0000-0001-6608-0398
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Türkiye Tarımsal Araştırmalar Dergisi -Turkish Journal of Agricultural Research 5(3): 209-221 ÖZDEMİR KOÇAK and DEĞİRMENCİ emissions (Lim et al., 2017; Liu et al., 2017; Meng et al., 2017) , obtaining pathogen-free compost mixtures and recently acceleration of composting process (Manu et al.,2017) are among the topics being investigated in composting.
Identification of the microbial diversity in a compost mixture is considered as an important step leading to the determination of microorganisms used as compost enhancers. Microbial diversity is greatly influenced by the type of soil present in the mixture and also interaction between the soil and microorganism greatly influence the flora of the compost mixture (Kent and Triplett, 2002; Krishnan et al., 2017) . Although rare, there are also studies on microorganism addition to compost mixtures for their acceleration. Effects of microbial inoculum addition and waste mixing in compost mixtures were studied in a drum composting system composed of wet food waste. Results indicated faster decomposition of compost mixture when supplemented with microorganisms (Manu et al., 2017) .
Literature survey presented so far showed that various microorganisms could have been utilized in low temperature composting to accelerate degradation of the organic content (Awasthi et al., 2016) . The present study will contribute to these studies by introducing microorganisms with possible uses in low temperature composting. The present study is divided into two parts. Initially, microorganisms were isolated from a miniscule composting system consisted of solid cake, Alfalfa plant, and soil. The solid cake, obtained during olive oil production, is selected as the main carbon source with the intention of proposing an alternative for its removal. Conventional press mill method utilized in the production of olive oil was recently replaced by two-phase extraction to reduce water needs. However, using this new method resulted in the production of a solid cake which was basically a biomass with polyphenols, oil and organic acids in its structure. This organic residue has high potential as a feedstock component in compost applications (Canet et al., 2008; Delgado-Moreno and Peña, 2009) . Alfalfa plant is rich in nitrogen which is crucial for microorganism growth and soil is considered as the main source of microorganisms constituting the compost flora. Effect of watering, mixing up time and aeration on microbial flora was determined with these miniscule systems. The conditions applied in watering and aeration were extreme and selected for the determination of the strains which were resilient to harshest conditions. pH of these mixtures were kept between 6-8 at all times.
Extreme conditions such as low watering and late mixing of compost mixture represent misapplication in compost preparation. Compost could easily be prepared by home users and farmers. However, once the ingredients of the mixture were added, preparation requires a meticulous procedure of watering and mixing up. Differences in the handling of compost mixture could alter the amount of organic matter degradation and time of composting.
The second part of the study contained preparation of conventional compost mixtures and inoculation of the microorganisms selected in the first part. We have prepared compost mixtures without addition of microorganism and compared its performance with microorganism added systems. The idea was to add the most resilient microorganisms with the intention of obtaining higher organic matter decomposition in their presence. The compost mixture used in this second part consisted of solid cake, sheep manure and soil. The ingredients and amounts of the components in the mixture was adjusted to maintain temperature on the threshold of mesophilic stage.
Materials and Methods
Preparation of the medium for microorganism flora and microorganism isolation procedure
Compost mixture utilized in the first part of the experiment consisted of solid cake, Alfalfa plant, and soil. The amounts of the components were adjusted to obtain an initial C/N ratio of 30. The initial moisture content of each ingredient was measured with an analyzer prior to mixing in order to calculate the total amount of water in the mixture. Amount of water to be added was determined based on this calculation.
During composting, the moisture content of the compost mixture was measured with a commercially available, portable moisture analyzer which was designed for outdoor use. The levels of the device were Dry, Dry +, Normal, Wet, Wet+ which corresponded to <20, 20-40, 40-60, 60-80 and >80% moisture levels. The aim was to maintain conditions that were also applicable for daily use of farmers or operators of home composting. Compost mixtures were moisturized by addition of water at the beginning of the process and composting was conducted for only 1 week. Our intention was not to obtain mature compost in this stage of the experiment but to promote a suitable medium for mesophilic microorganisms to thrive.
Compost mixtures were turned up for aeration in certain time periods. These periods were selected as every day (daily), 3 and 7 days. Samples were taken after aeration at the end of designated time intervals. These intervals were selected based on the behavior of a hardworking (daily), responsible (3 days) and lazy farmers (7 days). In addition, samples from the 0 th day of compost were also taken to fully investigate the effect of aeration on microorganism flora. Sampling was conducted in each water/compost regimes.
Samples were collected and placed in a sterilized container. They are divided into two equal parts and one half is heat-treated at 55°C for 30 minutes while no treatment was applied to another half. Isolation of these samples was accomplished by utilization of conventional isolation method, the details of which were given elsewhere (Sembiring et al., 2000) . Initially, 1g of the sample was diluted to 10 ml ringer solution and further dilution was conducted to 10 -2 and 10 -3 fold by addition of ringer solution. These dilutions were then inoculated to specific mediums at 30°C. The obtained microorganisms were morphology examined at the end of 14 days. The aeration time added water amount, the details of applied isolation procedure on heat treated and untreated isolates were given in Table 1 . Untreated isolates were added to the study with the intention of observing the microorganisms in entire microbiota. (Shirling and Gottlieb, 1966) and LB medium (Lennox, 1955) .
Composting experiments
Selected microorganisms were activated in glucose yeast extract broth at 30°C for 7 days. The broth was kept in rotary shaker during inoculation. Glass beads were also added to each flask to prevent clump formation during cultivation. Cultivated microorganisms were diluted 1:10 to give an approximate concentration of 0.5 McFarland standard based on the recommendations of the National Committee of Clinical Laboratory Standards (Anonymous, 2003) .
Composting experiments were conducted with a mixture of sheep manure, solid cake, and soil. The amounts were determined as 75% sheep manure, 20% solid cake and 5% soil based on dry basis (C/N ratio of 30). The C/N ratio was identical to the miniscule system. The moisture of the mixtures was kept above %50 by constant water addition in a 7-day period. The temperature was monitored daily to prevent possible transition to the thermophilic stage. The samples were turned on every 3 days to maintain constant aeration.
The change in parameters was investigated for 14 days. This time was determined based on the time of temperature stabilization. Samples were collected every 7 days and their organic content and C/N ratio were determined in comparison with control. Elemental analyses were conducted in LECO CHNS-932 device. Organic contents of the samples were determined with standardized method (Anonymous, 2014) . FT-IR analyses of the samples obtained in 7-day period were conducted with a Cary 630 Fourier transform infrared spectrometer, equipped with a single reflection diamond attenuated total reflectance (ATR) accessory. Results obtained from these analyses were evaluated in accordance with organic content analyses.
DNA extraction, 16S rRNA sequencing, and
phylogenetic analysis 16S rRNA sequencing of the strains with code numbers of K2P05, K0P22, and K1P07 was conducted. These are the strains selected for use in compost mixtures. The assignment of code numbers and selection of these strains were elaborated in Results and Discussion section. Incubation of the strains for DNA extraction was achieved in tryptone-yeast extract glucose broth at 30°C, for 6-8 days. 16S rRNA sequencing procedure consisted of a series of steps including chromosomal DNA isolation (Pitcher et al., 1989) , PCR amplification (Lane, 1991) and construction of phylogenetic tree via a neighbor-joining algorithm (Jukes and Cantor, 1969; Saitou and Nei, 1987; Tamura et al., 2013) . The contents of PCR solution and the primers used in PCR and sequencing were given in Table 2 and Table 3 , respectively. 
Results
Determination of microorganism diversity in threshold conditions was highly challenging. We have investigated the effect of mixing time, water addition, effect of heat treatment prior to isolation. These effects were investigated for isolates obtained with and without antibiotics supplementation. A large set of plates was used in experiments, the plates were coded according to water/compost ratio (K0, K1 and K2 for water/compost ratios of 1/1, 1/4 and 2/1, respectively) and the type of utilized antibiotics and media were also written on the plates (Table 4) . We have intended to select microorganisms which had highest resistivity in extreme conditions. In our opinion, these microorganisms could maintain their existence in every condition and therefore should be considered as fine candidates for compost application.
The images of microorganisms were given in Supplementary file (see Supplementary figure) . We have selected certain images to illustrate the effect of heat treatment prior to isolation, mixing time and water/compost ratio. In the case of isolates obtained without heat treatment, the entire microbiota should be governed by Bacillus genus and mold formation which was true for untreated samples (Figure 1 ; images on the right). These results indicated the effect of heat treatment even in the presence of antibiotics, however mixing time could also be responsible for the decrease in kind and number of microorganisms along with mold and Bacillus genus formation. Consequently, effect of mixing time was investigated for the samples obtained in the presence of heat treated and antibiotics supplemented media and results indicated mold and Bacillus sp. formation initiating after 3 days of mixing (Figure 1 ; images on the left).
Amount of water added to compost mixture had altered the amount and variety of Actinomycetes observed in plates (Figure 2a , b, c; See Supplementary Figure for more images). Mold formation was not observed in the presence of excess water (water/compost: 2/1), as expected. Aeration time had negligible effect on the mold formation compare to watering. This could be the case as the growth of these eukaryotic microorganisms could not be possible in the presence of excess water. However, Bacillus genus like formation could still be observed even in highest watering conditions (Figure 2d, e, f) . Mold formation could not be eliminated even with low watering conditions. Mold was mainly observed in the plates inoculated from the samples mixed with 3 and 7 days interval (Figure 2g , h, i).
Actinomycetes had large numbers and variety in various mixing and water/compost ratios. However, only one Actinomycete sp. was common for 1/1 and 4/1 compost/water ratio which was inoculated in LB-R/C medium. These microorganisms could only be determined in identical mediums and were the only microorganism common in isolates (Figure 3a , K0: Samples obtained in the presence of 1/1 water/compost ratio, K1: Samples obtained in the presence of 1/4 water/compost ratio, K2: Samples obtained in the presence of 2/1 water/compost ratio, NA: Nutrient agar, LB: Luria broth agar, TSA: Tryptic soy broth agar, SM3: Gauze's medium, C: Cycloheximide, R: Rifampicin, N: Nalidixic acid b, c). As seen from the Figure, a code name was used for these and other isolated microorganisms at this stage to prevent confusion of the species, the medium, mixing time and water amount. These codes were identities of isolated microorganisms giving the medium, mixing time and amount of water added (Table 4) .
Besides Actinomycetes, two dominant types of microorganisms, illustrated in a red and black circle in Figure 2d , were also observed. These were inoculated in LB/R-C medium along with other types of microorganisms indicating similar characteristics ( Figure  3e , f). Selected microorganisms were coded as K2P05 and K0P22 (microorganisms with a red and black circle, respectively) ( Figure 2d ). Morphological evaluation of these microorganisms implied the presence of Actinomycetes and Bacillus sp. Although the details of 16S rRNA sequencing were given below, in this part of the study we felt obliged to state that neither of the selected microorganisms had any resemblance with Bacillus sp. On the other hand, Actinomycete evaluation for K1P07 coded microorganism was turned out to be correct. The microorganisms with code names of K0P23, K2P06, K2P07, and K2P08 in Figure 3 (d, e, f) were inoculated as their numbers were very high in a single medium (LB-R/C) and they were stocked in glycerol solutions for future applications.
Composting experiments were conducted in the presence of selected microorganisms with a mixture of 75% sheep manure, 25% solid cake and 5% soil. The amounts of added microorganisms were determined as 0.5 McFarland for K0P05, K0P22, and K1P07. Microorganism inoculations to composting systems were either applied solely or as a mixture. In the case of sole inoculation, the solution was diluted to 1L whereas 500 mL of binary mixtures and 330 ml of ternary mixtures were utilized in experiments. The codes presented above were altered with letters A, B and C to prevent confusion in interpreting the results. K letter was used for the control mixture. The codes of the microorganisms used in composting experiments were given in Table 5 . The change in temperature and the variation in the organic content of the compost mixtures were given in Figure 4 . Analyses for determination of organic content were conducted at least thrice and average values were used in constructing the figure. The highest temperature during 14-day period was determined as 40°C which was the threshold of the thermophilic stage. The temperature was especially held below the threshold to investigate the effects of microorganisms in the mesophilic stage. An increase was observed in temperature until the 7 th day after this time, temperature values decreased due to the decrease in mesophilic microbial activity (Figure 4a ). The samples used in the determination of the organic content were obtained in 7 th and 14 th day of the experiment and the change of organic content was given in terms of % ratio of change at corresponded to aliphatic methylene groups (Grube et al., 2006; Tandy et al., 2010; Soobhany et al., 2017; Van Fan et al., 2018) . The broad band obtained at 3272 cm -1 indicated O-H and N-H vibrations which were attributed to phenols, alcohols, and amines (Soobhany et al., 2017) . Decomposition of the organic content could not be visually determined by comparison of FT-IR analyses (7 th and 14 th days). However, it was possible to quantitatively evaluate the progress in the stability of the compost by comparing the ratios of 2918/1636 and 2918/1021 peaks. These ratios were determined separately for 7 th and 14 th -day samples and their comparison were illustrated for each sample in Table 6 . As previously mentioned, highest decrease in organic content was obtained in the presence of C and ABC samples. The slight decrease in 2918/1636 ratios and the increase in 2918/1021 ratios of samples C and ABC indicated completion of the microbial activity. The decrease observed in 2918/1034 and 2918/1636 ratios of B, AB and BC samples showed their ongoing, yet slower activity (Grube et al., 2006) . The results of 16S rRNA sequencing of selected microorganisms were evaluated by utilization of Neighbor-joining tree algorithm. Results were illustrated in Figure 6 (a, b, c). K0P22 (B) was 99.51% related to E. coli and E. fergusonii (7 nt difference) and 98.66% related to E. albertii (19 nt difference) (Figure 6a ). Another microorganism which was suspected to be a member of Bacillus sp turned out to be a member of Enterococcus genus with 98.81% relationship to Enterococcus lactis and 98.61% relationship with Enterococcus faecium (K2P05, coded as A in composting experiments). The nt differences were 17 and 20 which were high values enough to assume the possibility of new species (Figure 6b ).
As previously mentioned, K1P07 (coded as C in composting experiments) was thought to be a member of Actinomycetes class based on the morphological determination. 16S rRNA analysis of this species validated our conclusion with 98.55% relationship to Streptomyces tunisiensis and 97.83% relationship to S. matensis. nt differences were determined as 20 and 31, respectively. New species of Streptomyces genus could be determined even though the resemblance was as high as 99.4% (Mohammadipanah et al., 2014) . Hence, this species with highest nt difference was also considered as a candidate of new species ( Figure  6c ).
Discussion
The reuse of selected microorganisms in compost mixtures indicated higher values of degradation compared to control (K) in the presence of sole (C), binary (AB) and ternary (ABC) utilization. The fact that combined utilization of K2P05 and K0P22 (AB) had resulted in higher degradation of organic matter implied that their growth rate is enhanced in the case of co-existence. As seen from Figure 4b , lower values in a decrease of organic content were observed in the presence of AC and BC microorganisms. Based on these results, it was concluded that A and B microorganisms had inhibited the growth of Actinomycetes due to their higher growth rate. Literature survey indicated a doubling time in terms of minutes for certain microorganism genus (Bacillus sp, Escherichia sp, Enterococcus sp.) (Burdett et al., 1986; Prakasham et al., 2006) whereas doubling time for Actinomycetes was measured in hours (Flowers and Williams, 1977) . It was our belief that the number of Actinomycetes in microorganism flora was generally lower than A and B which were also observed in isolates (See Figures 1 and 2 for comparison). Consequently, Actinomycetes could not compete with these when added as binary mixtures. On the other hand, highest decrease in organic content was observed in the presence of ternary mixture (ABC) implying the existence of a threshold limit in the amounts of A and B microorganisms compared to Actinomycetes (C) (Figure 4b ). Further investigations on the determination of optimum content will be conducted in near future. Nevertheless, it would be fair to state that co-existence of these strains, with adjusted amounts, could accelerate composting of biomass. This was one of the highlights of this study as it was shown that composting of biomass could have been accelerated by simply adjusting the amounts of the strains already existed in their original flora.
Based on the changes of 2918/1636 and 2918/1021 ratios obtained from FT-IR analyses, it was concluded that minor changes in organic content should have occurred in the presence of Although further experiments were required to validate this result, it was our belief that this had also been one of the highlights of the present study as composting period could have been completed in much lower times with the appropriate addition of microorganisms inside compost mixture ( Figure 5 ).
16S rRNA analyses showed that K1P07 (coded as C in composting experiments) had indeed been a member of Actinomycetes class. However, K2P05 and K0P22 coded microorganisms (A and B) which was thought to be a member of Bacillus sp turned out to be members of Escherichia and Enterococcus genus, respectively. At first sight, it was interesting to observe microorganisms other than Bacillus sp. However, the determined species were present in the intestinal microbiota of sheep and apart from the fact that sheep manure was used in experiments, the presence of this species should also be expected as soil utilized in composting experiments was collected from cultivated area enriched with sheep manure. The downside of this discovery was the possible pathogen nature of the microorganisms that belonged to Escherichia genus (Tandy et al., 2010) . On the other hand, there was a strong possibility of this species being new. There existed only 7 species identified among Escherichia genus and high amount of nucleotide difference implied the possibility of a new species. Further analyses for species determination will be conducted in near future. Utilization of this microorganism was not expected and we could not be able to find any studies related to their use in composting. On the other hand, literature survey indicated an increase in the proliferation of E. coli in the presence of biodegradable dissolved organic carbon. This result was interpreted as an indicator for the possible enhancing effect of this microorganism during composting (Figure 6a ) (Bouteleux et al., 2005) . K2P05 coded microorganism which was determined to be the member of Enterococcus genus was known as commensal with no harm to human or animal intestinal systems. The high population of this species could also emanate from sheep manure and soil enriched with manure. Species of this genus were recently utilized as probiotic in human and animals. However, it was not considered as "generally recognized as safe" (GRAS) (Araújo and Ferreira, 2013) . The bad news for this species was its close relationship with Enterococcus faecium implying the possibility of human infection. This genus was also known to be a member of Bacilli class (Ludwig et al., 2009) which explained misapprehension of morphological analyses (Figure 6b ). The effect of this microorganism as compost enhancer was not surprising as a lactic acid bacterium Pediococcus acidilactici TM14, closely related to our isolate, was successfully inoculated in a mixture of rabbit food and organic acids in the work of Tran et al. (2015) . Results indicated high levels of acetic acid in bacteria-free mixtures and an enhanced proliferance of fungi due to the growth of TM14 (Tran et al., 2015) .
In the case of K1P07, it was our belief that the main source of these strains had been soil. The enzymes of this species were known to be effective in C-N cycles due to their high degradation and fixation ability (Gtari et al., 2012; Tang-um and Niamsup, 2012) . Hence an accelerated decrease of organic content should be expected with its addition in compost mixtures (Figure 6c ).
Microbial interactions between added species should further be investigated with composting experiments. The effects of these microorganisms could further be validated by additional experiments with varying C/N ratios. These parameters will be investigated and the results will be presented in near future. Having said that present results indicated enhancing the effect of microorganisms in composting compared to control group. Their interaction, especially in the case of ternary use, resulted in highest degradation of organic content. The highest degradation in the case of ternary use was probably due to varying degradation mechanisms of the organic content. In other words, organic content degraded by a microorganism could be used for the growth of others. Although further studies were required to validate this conclusion we could at least illustrate literature examples of microbial interaction and their effect on composting such as the work of Hou et al. (2017) in which twelve psychotropic strains were utilized in low temperature composting. Results indicated a faster transition to thermophilic phase in the presence of these strains and these strains were also stated to have great influence on the quality of final compost mixture (Hou et al., 2017) . In another study conducted by Xie et al. (2017) , cold-adapted microbial consortium (CAMC) composed of Pseudomonas fragi (KY283110), Pseudomonas simiae (KY283111), Clostridium vincentii (KY283112), Pseudomonas jessenii (KY283113) and Iodobacter fluviatilis (KY283114) were utilized in the startup of composting. Results indicated high activity of degradation at low temperatures in the presence of these strains (Xie et al., 2017) . It was our belief that results obtained with this study had been useful in providing a contribution to ongoing studies.
A two-step composting experiment was conducted with the intent of determining the most resistant microorganisms and their reuse in a composting system. Results indicated the highest decrease of organic matter in the presence of single Streptomyces utilization and their ternary utilization compared to control samples. Streptomyces genus was frequently utilized in many areas of biotechnology including compost systems. The high decrease of organic matter due to its utilization was one of the highlights of the study. Although species with high possibility of being pathogen also existed in flora, there is a strong possibility of these and Streptomyces species being new and their identification will be conducted in the nearest future.
Conclusion
Microbial interactions between added species should further be investigated with composting experiments conducted with varying microorganism ratios and also the effect of these microorganisms could further be validated by composting experiments conducted with varying C/N ratios. These parameters will be investigated and the results will be presented in near future. Having said that, present results indicated enhancing effect of microorganisms in composting compared to control group. Their interaction especially in the case of ternary use resulted in highest degradation of organic content which was probably due to varying degradation mechanisms of the organic content. In other words, organic content degraded by a microorganism could be used for the growth of others. Although further studies were required to validate this conclusion we have at least illustrated literature examples of microbial interaction and their effect on composting in "Discussion" section (Hou et al., 2017; Xie et al., 2017) . It was our belief that results obtained with this study had been useful in providing a contribution to ongoing studies.
